ity after surgery. However, the effect of bisphosphonates in preventing sacral GCT recurrence has not been confirmed. The aim of this study was to investigate the effect of long-term bisphosphonate treatment after nerve-sparing surgery in reducing local recurrence of sacral GCTs. surgery, postoperative adjuvant radiotherapy (PAR) was administered. The prescribed dose was 45-50 Gy. After a comprehensive and detailed explanation to the patients and families about the risks, benefits, and costs of radiotherapy, the patients and their families decided to either follow or not follow the recommendation for radiotherapy.
Follow-Up Study
Each patient was followed on an outpatient basis every 3 months for the first 6 months, every 6 months for the subsequent 1.5 years, and yearly thereafter. Signs of local recurrence and metastasis and the neurological status were recorded at each follow-up visit. The diagnosis of local recurrence was confirmed by pathological evaluation in patients who received a second surgery. In suspected cases that did not receive a second surgery, the diagnosis of recurrence was based on the clinical manifestations, imaging findings, and signs of disease progression.
Recurrence-free survival (RFS) was defined as the interval between the date of surgery and the date of recurrence. Overall survival (OS) was defined as the interval between the date of the initial surgery and the date of death. Lung metastasis was diagnosed by clinical manifestations, chest radiographs, and chest CT findings. The neurological status, including the urinary, bowel, and ambulatory functions, was also recorded. The follow-up period was defined as the interval between the date of surgery and the date of death, or until December 2013 in patients without GCT recurrence.
Statistical Analyses
All statistical calculations were performed using PASW Statistics version 18.0 (IBM). Continuous data were compared by Student's t-test. Associations between categorical data were verified by 2-tailed chi-square or Fisher's exact test. The postoperative RFS and OS rates were estimated by the Kaplan-Meier method, and differences between the bisphosphonate-treated and control groups were analyzed using the log-rank test.
12 A p value < 0.05 was considered statistically significant.
Ethical Considerations
Written informed consent was obtained from all patients. The research was approved by Shanghai Changzheng Hospital's ethics committee, and a waiver for individual patient consent for this study was obtained.
Results
A total of 35 patients with sacral GCTs were enrolled in the study, with a mean age of 32.8 ± 10.4 years (median 31.0 years; range 15-56 years). All of the GCTs were primary and involved the cephalic part of the sacrum (S-1 and S-2). Nerve-sparing surgery was performed to excise the tumor. The mean follow-up was 47.2 ± 9.6 months (median 46.0 months; range 36-77 months) in the bisphosphonate treatment group and 92.1 ± 43.6 months (median 83.0 months; range 21-168 months) in the control group.
Of the 35 patients, GCT recurrence was pathologically confirmed in 9 patients; 2 in the bisphosphonate-treated group and 7 in the control group. Of the 9 patients with recurrent GCT, 1 patient received bisphosphonate treatment following the first recurrence, after which no further recurrence was observed. The mean time from surgery to the first recurrence was 12.7 ± 9.4 months (median 9.0 months; range 3-44 months). All 9 patients with recurrent GCT developed the first recurrence within 3 years after surgery. Three patients died as the result of disease progression 25, 36, and 21 months, respectively, after the initial surgery. The neurological functions of the patients who died as the result of disease progression were not evaluated. Of the 32 surviving patients, 26 (81.3%) patients had good neurological function with normal urinary, bowel, and ambulatory functions. Two patients suffered from urinary incontinence, and 1 patient from powerlessness over urinary function. One patient had bowel incontinence, 2 patients had constipation, and 1 patient was unable to walk without a stick after the surgery. Details are shown in Table 1 .
Comparisons of Clinical Data Between Bisphosphonate Treatment and Control Groups
The clinical data were homogeneous between the bisphosphonate treatment and control groups ( Table 2 ). There were no significant differences in age (p = 0.88), sex (p = 1.00), or duration from symptom onset to the diagnosis (p = 0.68) between the groups. Thirteen cases were classified as Enneking Stage 3 and 6 cases as Enneking Stage 2 in the bisphosphonate-treated group, versus 14 cases as Enneking Stage 3 and 2 cases as Enneking Stage 2 in the control group. There was no significant difference in Enneking stage between the groups (p = 0.24). Of the 19 patients in the bisphosphonate treatment group, 17 received PAE, 18 received intraoperative chemotherapy, and 13 received PAR. Of the 16 patients in the control group, 13 received PAE, 12 received intraoperative chemotherapy, and 10 received PAR. There were no significant differences in the rates of PAE (p = 0.64), intraoperative chemotherapy (p = 0.16), and PAR (p = 0.74) between the groups.
Effects of Bisphosphonates on Reducing Local Recurrence of Sacral GCT
The local recurrence rate was 10.53% (2 of 19) in the bisphosphonate treatment group and 43.75% (7 of 16) in the control group. The log-rank test showed that the 3-year RFS rate was significantly increased in the bisphosphonate treatment group (p = 0.04) (Fig. 1) . The 3-year OS rate was 100% (19 of 19) in the bisphosphonate-treated group and 81.3% (13 of 16) in the control group. The difference in the 3-year OS rate between the bisphosphonate-treated and control groups was significant (p = 0.05) (Fig. 2) .
Discussion
Giant cell tumor is a locally aggressive tumor of bone. The sacrum is the fourth most common site for GCTs. The onset of symptoms is generally insidious. Patients with GCT most frequently complain of a slowly progressive problem over several months; 20 as a result, the GCT is not diagnosed until it becomes quite large. The present study showed that patients with sacral GCT most frequently complained of local pain over a mean period of 7 months. Most patients presented with sacral GCT classified as Enneking Stage 3, and all of the GCTs in our series involved the S-1 and S-2 segments.
Complete resection remains the mainstay treatment for GCTs and is very successful in long-bone lesions, with a recurrence rate as low as 10%. 17 However, surgical treatment of sacral GCTs is particularly difficult because of their relatively advanced clinical presentation and surrounding anatomical structures. Some studies have reported that en bloc resection of sacral GCTs could minimize the possibility of local recurrence. Sar and Eralp 23 found no recurrence during follow-up of 31-203 months in 7 patients with sacral GCTs who received en bloc resection. Martin and McCarthy 15 found no recurrence during follow-up of 14-55 months in 2 patients with sacral GCTs who received en bloc resection. In a large series of 37 patients with sacral GCTs who received en bloc resection, recurrence developed in 11 (29.7%) patients. 30 In addition to the difficulties in technique, this treatment often requires sacrifice of the sacral nerve roots and is associated with potentially severe morbidity. 15 Preserving the bilateral S-1 nerve roots is essential for keeping the patient's normal gait and foot plantar flexion. Patients may suffer from bowel and bladder dysfunction when unilateral S-2 or bilateral S-3 nerve roots are sacrificed. 3, 11, 18, 26 Taking into account the nerve function and the postoperative quality of life, we treated 16 patients with nervesparing surgery between 2000 and 2006. In these cases, the tumor was resected by curettage or the piecemeal method, with preservation of bilateral S-1, S-2, and at least the unilateral S-3 nerves. All of the patients had good nerve function after surgery. However, in these procedures, in which the tumors are entered, there are possibly residual tumor cells in the wound. 4 Also, there is greater potential for leaving microscopic tumors after curettage or piecemeal excision if the sacral nerve roots are preserved. 22 As a result, the recurrence rate may be > 50%.
11,24
We cleaned the surgical field to the extent that no visible residual tumor cell was detected under the magnifier, and cisplatin and methotrexate were used intraoperatively to kill residual cells. In our series, the local recurrence rate was 43.75% after nerve-sparing surgery. How to reduce local recurrence while preserving the nerve function is a clinical dilemma. Bisphosphonate is a nontoxic analog of pyrophosphate and is known to inhibit osteoclast-mediated bone resorption. Histologically, GCT consists of osteoclast-like multinucleated giant cells, mononuclear cells, and stromal cells. 12, 16 It has been proven that bisphosphonate can kill GCT stromal and osteoclast-like cells in studies in vivo.
5,6
Balke et al.
1 reported a study in 9 patients with sacral GCTs who were treated by bisphosphonates without surgery. The tumors remained almost unchanged in size in 6 patients, disease progression was observed in 1 patient, and a decrease in tumor size was observed in only 1 patient, indicating that bisphosphonate alone is not a viable option and can be used only in unresectable cases. Tse et al. 27 reported their experience with the use of bisphosphonates for preventing GCT recurrence in the extremities after surgery. They found that the recurrence rate in the bisphosphonate-treated group decreased to 4.2%, which was significantly < 30% in the control group. However, the effect of bisphosphonates on preventing postoperative recurrence of sacral GCTs has not been evaluated.
In this study, bisphosphonates were given to 19 patients with sacral GCTs who received nerve-sparing surgery between 2007 and 2010. All of the patients had good nerve function after surgery. The 3-year RFS rate in the bisphosphonate-treated group was significantly higher than in the control group. Our results support the combination of nerve-sparing surgery and long-term bisphosphonate treatment as an efficient strategy to reduce local recurrence while preserving nerve function. Also, bisphosphonate treatment could increase the 3-year OS rate.
In the present study, we used the 3-year RFS and OS rates as the outcome measure for the following reasons. 1) The patients who received bisphosphonate treatment were followed for a mean of 47.2 ± 9.6 months (median 46.0 months; range 36-77 months). 2) All 9 patients with recurrent GCTs developed the first recurrence within 3 years after surgery. 3) Three patients died as the result of disease progression 25, 36, and 21 months, respectively, after the initial surgery. Bisphosphonate has been used as a treatment for various bone disorders and has proven to be a well-tolerated drug. 2, 21 In this study, we suggested 1 dose of bisphosphonate at 4-week intervals after surgery for 2 years, knowing that most GCT recurrences have occurred within 2 years after surgery. 11, 15 Of 19 patients treated with bisphosphonates, 7 were treated with zoledronic acid and 12 were treated with incadronate disodium. We found that the 2 patients in the bisphosphonate-treated group who had recurrent disease both received zoledronic acid treatment.
But it is hard to conclude which bisphosphonate is better due to the small number of patients in the 2 subgroups in this study. The method of drug delivery should be further investigated.
Although no patient in our series suffered significant adverse events, it should be noted that long-term use of a bisphosphonate may be associated with some severe complications. 19 Denosumab, a monoclonal antibody that is specific to the receptor activator of nuclear factor kappa-B ligand (RANKL), has been reported to be a safe targetedtherapeutic method. 10, 13 It has been used in recurrent and unresectable GCTs, with encouraging outcomes. 25 Whether denosumab could be used to prevent local recurrence of GCTs has not been established. Therefore, further studies are needed to explore the potential value of denosumab in the management of sacral GCTs.
This study has several limitations. First, it is a retrospective study, and the results may be associated with some potential bias. Second, the power of the statistical tests was not strong enough due to the relatively small sample size. A well-designed randomized control trial with long-term follow-up is needed to more clearly identify the value of bisphosphonates in the management of sacral GCTs.
Conclusions
Long-term use of bisphosphonates combined with nerve-sparing surgery seems to be a viable option for the treatment of sacral GCTs. This approach could reduce local recurrences while preserving nerve function.
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